Introduction
The formation of C-C bonds through insertion of isocyanides (CNR) and carbon monoxide (CO) into M-C bonds is well-documented, and this reaction initially affords iminoacyl and acyl complexes, respectively. [1] For a given metal atom, the stability and further evolution of these compounds are determined by the nature of the ancillary ligands. Many reaction pathways may follow to give a broad variety of products: [1] (a) migratory insertion of a second alkyl or aryl group to give η 2 -imine or η 2 -ketene complexes; [2] [3] [4] [5] (b) intra-or intermolecular coupling of iminoacyl or acyl units affording diaza-or dioxobutene complexes; [6, 7] (c) transfer of the NR or O moieties to the metal centre; [8] [9] [10] [11] (d) insertion of a second CNR [12] [13] [14] [15] [16] or CO [17] molecule into the new M-C bond formed after the first insertion process and (e) hydrogen migration. [18, 19] We reported the results of our studies on the insertion reactions of CNR into the Ta-C(methyl) bond of monocyclopentadienyl complexes of the type [TaCp*Cl x Me 4-x ] [8] [9] [10] for which processes (a) and (c) were observed. Similar reactions with imido compounds of the type [TaCp*MeX(NtBu)] (X = Cl, Me, OR, NHtBu) gave . [20] With regard to the CO insertion reactions, double migration of the alkyl group [process (a)] was observed for [TaCp*Cl 2 Me 2 ], [10] whereas the coupling of the acyl groups [process (b)] occurred for [TaCp*Me 2 (NR)] (R = 2,6-Me 2 C 6 H 3 ) to give the dinuclear compound [TaCp*(NR)Me] 2 {µ-η 2 -OC(Me)=C(Me)O}, [10] and ligand exchange [process (c)] for complexes [TaCp*ClMe(NR)] (R = 2,6-Me 2 C 6 H 3 , [10] tBu) [11] led to the oxo compounds [TaCp*Cl(O){η 2 -C(Me)=NR}]. Furthermore, the η 2 -(methyl)acyl complexes remained elusive and were only detected as intermediates by NMR spectroscopy, whereas the related η 2 -iminoacyl complexes are stable. It was observed that for monocyclopentadienyl imido tantalum derivatives addition of a second CNR molecule into the iminoacyl compounds [TaCp*(NR)X{η 2 -C(Me)=NR}] (R = 2,6-Me 2 C 6 H 3 , tBu; X = Cl, Me) resulted in differing behaviours depending on the R group of the imido ligand. No reaction was found for R = 2,6-Me 2 C 6 H 3 , [10] whereas a second insertion occurred for R = tBu. [20] Conversely, the imido complexes [TaCp*MeX(NR)] (R = 2,6-Me 2 C 6 H 3 , tBu; X = Cl, Me) reacted with CO to give the dinuclear compound [TaCp*(NR)Me] 2 {µ-η 2 -OC-(Me)=C(Me)O} for X = Me [10] and one of the few mononuclear derivatives [TaCp*Cl(O){η 2 -C(Me)=NR}] containing a terminal tantalum-oxo double bond for X = Cl. [10, 11] The versatility and potential applications of all these results determined by the R and X substituents of the imido complexes [TaCp*MeX(NR)] led us to extend our studies to similar insertion reactions of CNR and CO into the Taalkyl bonds of the related oxo-borane compounds [TaCp*X 2 {O·B(C 6 F 5 ) 3 }] that have recently been isolated. [21] Results and Discussion [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] and the 1 H NMR spectra with the monosubstitution of only one of the alkyl ligands. These pale yellow complexes are air and thermally stable in solution. The 13 C NMR resonance at ca. δ = 240 ppm is the most apparent spectroscopic feature and confirms the presence of the η 2 -iminoacyl ligand in complexes 2. We previously reported [10] 3 , which afforded 2d in high yield. The formation of 2d was confirmed by 13 C and 19 F NMR spectroscopy. The 13 C NMR spectrum shows the resonance corresponding to the C sp 2 atom of the η 2 -iminoacyl ligand (δ = 240.1 ppm) to be slightly low-field shifted with respect to that of the starting compound [TaCp*Cl{η 2 -C(Me)=NAr}(O)] (δ = 236.8 ppm). An analogous behaviour was observed in the 1 H NMR spectrum for the methyl-iminoacyl group, which was shifted from δ = 2.65 ppm in [TaCp*Cl{η 2 -C(Me)=NAr}(O)] to δ = 2.94 ppm in 2d.
The molecular structure of compound [TaCp*Cl{η 2 -C(Me)=NAr}{O·B(C 6 F 5 ) 3 }] (Ar = 2,6-Me 2 C 6 H 3 ) (2d) was obtained by X-ray diffraction studies. Figure 1 depicts an ORTEP drawing of 2d with selected bond lengths and angles. Compound 2d exhibits the typical geometry known for group 5 half-sandwich iminoacyl compounds with a tetrahedral coordination environment around the tantalum atom. Considering the centroid of the Cp* ring and the midpoint of the C(10)-N bond as coordination sites, the other two positions are occupied by the chloro and oxo ligands. The N atom of the η 2 -iminoacyl group is located in a trans position with respect to the oxo ligand, as in analogous half-sandwich imido complexes and in [TaCp*Cl{η 2 -C(Me)=NAr}(O)]. Furthermore, the oxygen atom is attached to the boron atom of the B(C 6 F 5 ) 3 group.
All the values of the bond lengths and angles of compound 2d are very close to the corresponding bond lengths and angles found for the parent compound [TaCp*Cl{η 2 -C(Me)=NAr}(O)] [10] except for the Ta [ [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] The Ta-O bond in 2d is longer than that in the oxo-borane compound [TaCp*Cl 2 {O·B(C 6 F 5 ) 3 }] [21] [1.784(2) Å]. This bond length is similar to the lower end of the range of Ta-O bond lengths for compounds with Ta-O-Ta bridges (1.82-2.10 Å) [32] [33] [34] [35] and with terminal Ta-OH bonds (1.85-1.97 Å). [36] [37] [38] However, the single bond Ta-O distances are ca. 2.18 Å, 2 Ph 3a, Me 3b; X = Cl, R = CH 2 Ph 3c) after ca. 24 h at room temperature in moderate yields (Scheme 1). These pale yellow compounds were air and thermally stable below 120°C for several hours. The 13 C NMR spectra showed a resonance at ca. δ = 305 ppm corresponding to the C sp 2 atom of the η 2 -acyl fragment. The slowness of the insertion reactions of CO is in contrast with the rapid transformations observed for complexes 1 with isocyanide and the behaviour observed [10, 11] for the reactions of the imido compounds [TaCp*MeX(NR)] (R = 2,6-Me 2 C 6 H 3 , tBu; X = Cl, Me) with CO. This difference may be attributed to the lower oxophilicity of the tantalum atom in compounds 1 that is caused by the presence of the oxo ligand.
The X-ray structure of compound 3a is shown in Figure 2 . The environment around the Ta atom is analogous to that described for compound 2d (see above) with the oxygen atom of the acyl group located trans to the oxo-borane ligand, as expected. The Ta have values that are normally seen for these types of compounds. [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] The whole set of angles and bond lengths of the [Ta-(η 2 -acyl)] group is in line with compounds of this type [1] and is similar to those found in the other two tantalum-acyl complexes for which X-ray structures are known, [TaCp*Me{η 2 -C(CH 2 CMe 2 Ph)=O}{N(2,6-Me 2 C 6 H 3 )}] [39] and [TaCp*Cl 3 {η 2 -C(CH 2 CMe 3 )=O}]. [40] However, in the particular case of the isostructural imido derivative [TaCp*Me{η The insertion of a second CNAr or CO molecule into these new acyl and iminoacyl oxo-borane complexes was not observed, in contrast with the behaviour observed for the analogous tert-butyl imido complexes. [20] Rather, all complexes 2-3 released the acid-base adduct L·B(C 6 F 5 ) 3 (L = py, CNAr) in the presence of donor ligands such as isocyanide or pyridine. [41] Only in the case of compound 2a were we able to isolate the borane-free 18-electron compound [TaCp*(CH 2 Ph){η 2 -C(CH 2 Ph)=NAr}(O)] (4a), with a terminal oxo-tantalum bond. The remaining oxo-borane complexes decomposed under similar conditions. The 13 C NMR spectrum of the new oxo iminoacyl compound 4a showed the η 2 -iminoacyl C sp 2 resonance at δ = 240.3 ppm. A comparison of this 13 C resonance and that assigned to the CH 2 -iminoacyl group in the 1 H NMR spectrum with the corresponding resonances in the parent compound 2a, showed a behaviour that is opposite to that observed for 2d and [TaCp*Cl{η 2 -C(Me)=NAr}(O)].
Conclusions
The dialkyl oxo-borane compounds [TaCp*R 2 {O·B-(C 6 F 5 ) 3 }] can be transformed into the monoalkyl derivatives [TaCp*RX{O·B(C 6 F 5 ) 3 }] by alkyl-chloro exchange with Ph 3 CCl. All of these complexes reacted with one molecule of isocyanide or carbon monoxide to give the η 2 -iminoacyl or η 2 -acyl compounds, respectively. No further insertion processes have been observed. This behaviour is analogous to that observed for the imido compounds [TaCp*MeX(NR)] (R = 2,6-Me 2 C 6 H 3 ; X = Cl, Me), although in the oxo-borane compounds the insertion of CO gave stable η 2 -acyl derivatives because of the presence of a Ta-O multiple bond, which prevents further rearrangement.
Experimental Section
All manipulations were carried out under argon, and solvents were distilled from appropriate drying agents. NMR spectra were recorded at 300. 13 [42] [TaCp*(CH 2 Ph) 2 {O·B(C 6 F 5 ) 3 }], [21] [TaCp*Me 2 -{O·B(C 6 F 5 ) 3 }], [21] [TaCp*Cl{η 2 -C(Me)=NAr}(O)] [10] and B-(C 6 F 5 ) 3 [43] were prepared by literature methods, and H 2 O·B-(C 6 F 5 ) 3 [44] was prepared from H 2 O and B(C 6 F 5 ) 3 in toluene at room temperature and used in situ without further purification.
[TaCp*Cl(CH 2 Ph){O·B(C 6 F 5 ) 3 }] (1c): A suspension of Ph 3 CCl (0.14 g, 0.50 mmol) and [TaCp*(CH 2 Ph) 2 {O·B(C 6 F 5 ) 3 }] (1a) (0.50 g, 0.49 mmol) in toluene (5 mL) was stirred overnight at room temperature, with a colour change from yellow to brown. Later, all volatile components were removed under vacuum until the volume was ca. 1 mL, leaving a dark oil that was washed with hexane (2 × 10 mL) to yield 1c as a brownish solid (0.36 g, 76 %). C 35 [TaCp*(CH 2 Ph){η 2 -C(CH 2 Ph)=O}{O·B(C 6 F 5 ) 3 }] (3a): A flask containing a solution of [TaCp*(CH 2 Ph) 2 {O·B(C 6 F 5 ) 3 }] (1a) (0.50 g, 0.49 mmol) in toluene (10 mL) was charged with CO, and the mixture was stirred for 24 h at room temperature. The solution was then filtered, all volatile components were removed under vacuum to leave ca. 4 mL of solution and the solution was layered with hexane (4 mL) and cooled to -10°C to give 3a as yellow crystals (0.39 g, 70 %). C 43 Crystal Structure Determination for 2d and 3a: Selected crystals were covered with perfluoropolyether oil and mounted on a Nonius KAPPA-CCD single crystal diffractometer. The crystal structure was solved by direct methods and refined using full-matrix leastsquares on F 2 (SHELXL-97). All non-hydrogen atoms were anisotropically refined. Hydrogen atoms were geometrically placed and left riding on their parent atoms. Two molecules of toluene crystal- lised with every molecule of 2d; both solvent molecules were found in the difference Fourier map but one of them was very disordered and it was not possible to get a chemically sensible model for it, so the Squeeze procedure [45] was used to remove its contribution to the structural factors. In 3a some restraints on the solvent molecule were applied. Crystal data for both compounds are given in Table 1 . CCDC-272817 (for 2d) and CCDC-272818 (for 3a) contain the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_request/cif.
